This study examined the persistence of local song dialects of Mountain Whitecrowned Sparrows (Zonotrichia Zeucophrys oriantha) at several locations in the Sierra Nevada Mountains of California. At two of these locations, where sparrows were numerous and occupied large contiguous habitat patches, song structure remained highly consistent over a 26-year period . Small but significant alterations in some aspects of the component syllables appeared to result from accumulation of slight copying errors. The frequency and duration of the introductory whistle changed little while the trill and complex syllables changed significantly. Dialects at these two locations were unaffected by extinction of syllables or invasion by foreign syllables. In contrast, songs recorded from two other areas (fragmented habitat and small populations) exhibited dramatic qualitative changes in overall structure and component syllables. These changes resulted both from loss of syllables and appearance of new syllables evidently introduced from nearby areas. These findings suggest that evolution of this culturally transmitted trait (song) proceeds more rapidly in smaller populations occupying structurally fragmented habitats than in larger populations occupying large contiguous habitat patches.
INTRODUCTION
Many species of song birds exhibit geographic variation in their songs. Local dialects arise when shared songs differ between neighboring groups, i.e., the variation in song between local populations is greater than within populations (Mailer and Tamura 1962, Lemon 1975) . Local dialects of varying sizes have been described in many bird species (Mundinger 1982) . Despite numerous observations and studies regarding local song dialects, their functional significance and the mechanisms sustaining them remain widely debated Cunningham 1985, Catchpole and Slater 1995) .
Cultural evolution of song can be examined by studying the temporal persistence of regional dialects. Some species exhibit high rates of song modification over time (Village Indigo Birds, Vidua chalybeata, and Yellow-rumped Caciques, Cacicus cela, Chilton and Lein 1996, Payne I Received 28 April 1998. Accepted 28 September 1998. 1996). Other species exhibit greater persistence of song types over time, e.g., Short-toed Tree Creeper, Certhia bruchyductylu (Thielcke 1987) , and Savannah Sparrow, Passerculus sandwichensis (Bradley 1994) .
The microgeographic dialects in populations of White-crowned Sparrows (Zonotrichiu leucophrys) are among the best studied in birds (Orejuela and Morton 1975 , Baptista and King 1980 , Chilton and Lein 1996 . Understanding of the mechanisms leading to the cultural evolution and persistence of local song dialects in Whitecrowned Sparrows requires information on how dialect boundaries change, and how and when songs of a given dialect change acoustically. Long-term studies on dialect persistence in this species have concentrated on changes in the geographic distribution of dialect areas rather than the temporal changes in song structure within and among dialects. Trainer (1983) found the geographic distribution of dialect types in Nuttall' s White-crowned sparrow, Z. 1. nuttulli, on the coast of California had changed in 10 years, but visual observations of sound spectrograms revealed little change in the basic structure of each dialect over an 1 g-year period. Chilton and Lein (1996) compared recordings of the Puget Sound White-crowned Sparrow, Z. 1. pugetensis, made by Baptista (1977) with their own and found the geographic distribution of some song dialects (as described by the terminal trill) to have changed over a 23-year period. Petrinovich (1988) concentrated on the cultural transmission of song between father and son in Z. 1. nuttalli, but also noted only slight changes in the qualitative aspects of the song over an g-year period. Thus, although the persistence of local song types and dialect boundary shifts have been documented, detailed studies of changes in acoustic structure of dialects over long time periods are warranted.
This study presents a comparison of both quantitative and qualitative structural aspects of Mountain White-crowned Sparrow (Zonotrichia leucophrys oriantha) song dialects recorded in 1970 and 1995/1996 at several geographic locations in the central Sierra Nevada. Songs at two localities also were recorded in the 1960s. We relate the degree of song change in different dialects to differences in the size and isolation of breeding habitat.
METHODS

FIELD SITES
Songs of male Mountain White-crowned Sparrows were recorded in the Sierra Nevada Mountains of California ( Fig. 1 and Table 1 ). This study primarily compares songs recorded in 1970 and 1990-1996 at five main locations: Tioga, Sonora, Carson, and Donner Passes, and North Lake (Fig. 1) (Fig. 2) . Quantitative analysis included measurements of the frequency &Hz) and duration (set) of phrases in the songs. Measurements were made on four to five different songs of the same individual, and statistical tests were performed using the means of these measurements. Coefficients of variation for measurements (including duration, frequency, and frequency range) from different songs of the same bird were usually less than 5%.
In this paper, we use nomenclature of Baptista and King (1980) and Orejuela and Morton (1975) with one exception (Fig. 2) . Following Mulligan (1966), we distinguished between note complexes and syllables. A note was a continuous tracing on a sonagram, separated from other tracings by at least 3 msec. A note complex was a series of one or more notes that was not repeated, in contrast to a syllable, in which the note(s) were repeated identically to form a trill (Fig. 2) . Note complexes and complex syllables differ acoustically, so we prefer to maintain this distinction (Nelson, unpubl. data). Complex syllables preceded simple syllables within songs.
The song was broken down into phrases I-V (Fig. 2) . Most songs had five phrases; some at Carson and Donner Passes had more. Phrase I was the highly stereotyped introductory whistle found in all Z. 1. oriantha. The whistle was a pure tone in three pulses at 3-6 kHz, lasting about 0. 
RESULTS
TIOGA PASS
The (Table 1) . This proportion did not change significantly between 1970 and 1996 (x2, = 2.61, P > 0.1; 1970: n = 59; 1996: n = 82).
Phrases. The tri-partite, pure-toned, introductory whistle (phrase I) was highly stereotyped and was sung by all Z. 1. oriantha recorded (Fig.  3) . For the following phrase measurements, the Tuolumne Meadows birds were used as a representative subset of the Tioga area.
Whistles measured in different songs from the same individual showed little variation in frequency or duration (CV < 0.02). Between years, neither mean frequency nor mean duration of the whistle changed significantly (Table 2) .
Two types of broad band buzz (phrase II) occurred at Tioga Pass (a and b), distinguished by a small frequency sweep preceding the buzz (Fig. 3) . In 1996, the initial whistle of type-a buzzes was smaller and fused with the succeeding buzz. In 1970, both types of whistle-buzz occurred in both Tl and T2 songs. By 1996, only T2 songs contained type-b whistle-buzzes, whereas type-a whistle-buzzes occurred in both song types. This led to a significant change in the prevalence of these two whistle-buzz types between 1970 and 1996 (x2 -7.43, P < 0.01; 1970: n = 29; 1996: YZ = 84):
To assess the differences in phrase IV between years, we measured the frequency range of the simple syllable, and the duration of four consecutive syllables as an index of trill speed. Syllable repetition rate was slower in 1996 than in 1970, and each syllable covered a larger frequency range (Table 2 ). There also was a trend toward fewer syllables per trill. Using only the 26 birds from Tuolumne Meadows on which the above quantitative analyses were performed, this trend was not significant. However, using the larger sample of all 125 birds from the Tioga area, the trend toward fewer syllables per trill was significant (1970: 5.8 + 0.23 syllables per trill; 1996: 4.7 + 0.10 syllables per trill; t,,, = -5.15, P < 0.001).
The simple syllables were the most variable portion of the Tioga song. Orejuela and Morton (1975) lumped all the Tioga trill syllables as type a. We further subdivided them into three common types: a, c, and d (Fig. 3, phrase IV) . Type a and c syllables were more prevalent in 1996 than in 1970, whereas type d syllables predominated in 1970. Prevalence of the three most common syllable types changed significantly between years (xz2 = 51.3, P < 0.001; 1970: 12 = 27; 1996: n = 83). Thus, the general trend in simple syllables of phrase IV from 1970 to 1996 appeared to be toward fewer total syllables in the trill, and syllables of longer duration and broader frequency range with asymmetrical first and second frequency sweeps. (Fig. 3) . Two discrete variants occurred in 1996, type 9a and its shortened version, type 9b. The frequency range spanned by the note complex was significantly greater in 1996 than in 1970 (Table 3) .
The trill simple syllables (phrase IV) were two short-frequency sweeps similar to those on Tioga Pass. As on Tioga Pass, the individual syllables spanned a greater frequency range and were repeated more slowly with fewer syllables in 1996 than in 1970 (Table 3) Discrete song types were difficult to categorize on Carson Pass due to a wide variety of syllable arrangements and combinations (Fig. 6) . The general sequence was an introductory whistle, buzz, complex syllable(s) or note complex, then trills and/or buzzes in different combinations. Orejuela and Morton (1975) distinguished five song types but only reported the three (V, W, and X) that were shared by at least three birds. Six of their 22 birds did not fit into these song types and were categorized as "other." We arranged the 1995/1996 recordings into modified versions of these types based on phrase III (song types Cl, C2, and C3). Song type V was not found in the 1995 or 1996 recordings. Song types W and X were similar to Cl and C2, respectively, whereas song type C3 was new to the 1995/1996 recordings (Table 1 and 
Sonora Pass 1996
Time (0.5 set) Time (0.5 set) (Fig. 7) trill syllable, type f ( Fig. 3 and 8 (Fig. 8) . Of the seven males we recorded at Gardisky Lake in 1996, two sang Tl, four sang T2, and one sang both. Song type U was sung by three of five birds recorded at Virginia Lakes/Conway Summit in 1995 (Fig. 8) . Tl and T2 were sung by the other two males in 1995. The single song archived from Conway Summit in 1970 was type U. Thus, the Tioga dialect has moved north of Gardisky Lake since 1982, and type U has retreated.
We found three males in 1993 in two small meadows at Ebbett' s Pass, roughly equidistant between Carson Pass and Sonora Pass (Fig. 1) . All sang song type E (Fig. 8) 
SONG LEARNING IN THE FIELD
The mechanisms that allow a local song type to persist over 26 years, as has occurred here, rely heavily on when and from whom the song is learned, as well as the population size. The timing and selectivity of song learning influence the creation and persistence of local dialects (Lemon 1975 , Mundinger 1982 . The fact that most of the dialects in our study remained constant over time demonstrates that most males learned their song near where they settle to breed (Kroodsma 1982 ). This could either occur before the first fall migration in males that return as yearlings to the site where the song was memorized, or upon return to the breeding grounds in spring in yearling males that disperse into a new dialect area at that time. Evidence from laboratory studies of song learning in this species is consistent with an early sensitive phase (Nelson 1998 ). The existence of hybrid songs and overproduction of song types indicates that some males learn two or more dialects. Use of two or more complete songs in the crystallized repertoire has been documented in the field in Z. 1. oriantha (4/48 males, Baptista and Morton 1982; 61172 males in 1990-1996 in this study). Cultural hybrid songs were common in this study. The birds on Carson Pass that sang the Ebbett' s Pass dialect combined it with a trill typical of Carson Pass (Fig. 6) If males visit and learn several dialects in their hatching summer, then they could settle in any of them to breed the next year and already be familiar with the local song. Through a process of overproduction of song and selective attrition of non-matching song types, males could conform to whichever of these dialects they settle in, even though the sensitive phase for acquisition of songs is over Marler 1994, Nelson et al. 1996) . This has been described in one yearling male Z. 1. oriantha (Baptista and Morton 1988), and four male Z. 1. nuttalli (DeWolfe et al. 1989). This "action based learning" (Marler 1990 ) could result in the conservation of local dialects, but further study is needed before we can conclude whether this is a common process in wild White-crowned Sparrows.
The It follows from this line of reasoning that important species recognition cues also will change the least over time. In this study, the introductory whistle appeared to be the least variable phrase over time in all populations studied. Quantitative measurements of the frequency and duration of the introductory whistle did not change significantly on both Tioga and Sonora Pass over the 26-year period. In line with this, song learning experimental studies on young hand-reared Z. 1. oriantha indicate that the whistle is an important species recognition cue (Soha 1995) . Other aspects of the song that generally remained conserved (except in the Carson Pass songs) included the total duration of the song, the general order of the syllables, and the terminal buzz.
The features of song that vary most among different localities, such as the order and identity of note complexes and syllables, are used to define dialect identity. These features, such as the frequency range and duration of the trill syllables, also changed significantly over time. Thompson and Baker (1993) used playback experiments to demonstrate that male Z. 1. nuttalli responded most strongly to their own local dialect, and that dialect identity was encoded in the introductory portion of the song. This conclusion may be specific to the particular dialects tested, however, and we do not know if general attentional preferences for certain features exist. Analyzing how the individual phrases of the song have changed through time, combined with further playback studies, could provide infor-mation about the selective forces that shape the function of song in communication at multiple levels.
CONCLUSION
In this study of Mountain White-crowned Sparrows, multiple factors appear to influence the persistence of dialects. Accumulation of small copying errors may alter some aspects of the songs more than others and may be the main impetus for quantitative changes in large populations. Immigration and mixing of song features from different locations may be more influential in small populations, producing much more dramatic qualitative changes in song. Future consideration of theories relating to song learning, song dialects, and cultural evolution of song should consider the roles of population size and habitat continuity.
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